including intraluminal manometry, estimation of transit rates with non-absorbable markers, cineradiography, recording of electrical potentials and in vitro pharmacological experiments. In this paper the way in which these techniques are used to investigate various pathological conditions are discussed, with emphasis on manometric studies. Technical aspects of manometry are also mentioned, but because of limitations of space this paper should not be regarded as a comprehensive review.
Intraluminal manometry
Devices commonly used for the detection of changes in intraluminal pressure (AIP) include open-ended tubes, balloons and radio-telemetering capsules. Each of these sensors possesses advantages and disadvantages, and the choice of a particular type depends both on the region of the gut to be examined and on the nature of the problem to be investigated.
The simplest and probably the most accurate way to measure AIP is with narrow-bore openended tubes. The tubes are however easily blocked by mucus, faeces or mucosal folds, and must be kept patent by perfusion with fluid. Measurements of AIP may be made in any part of the gut with this technique.
Small (4 X 1O mm) air-filled balloons (Atkinson et al., 1957) mounted on tubes, allow IP to be measured in all parts of the gut and are not subject to blocking. The amplitude of pressure waves recorded by this technique may be exaggerated when compared with open-ended tube records. This is caused by the mechanical effect of mucosal folds coming into contact with the balloon: water-filled balloons are even more likely to produce this kind of artefact. However, provided that observations are confined to comparisons between experimental periods, rather than to measurement of absolute values of IP, meaningful observations of changes in the level of gut motor-activity may be made.
Large balloons record the algebraical results of pressures in a segment of gut equal in length to the balloon; they may stimulate motor activity by their presence in the lumen of the intestine. This may be turned to advantage, for example in the investigation of the effect of antispasmodics on the background of activity induced by the balloon.
All of these techniques involve intubation, which is intensely disliked by many patients. Moreover, parts of the alimentary tract are relatively inaccessible to tubes, or may only be reached after lengthy and uncomfortable procedures. Pressure-sensitive radio-telemetering capsules are tubeless devices for intraluminal manometry. Since their introduction (Mackay & Jacobson, 1957; Farrar, Zworykin & Baum, 1957; Rowlands & Wolff, 1960) , radio pills have been developed to the point where they provide a reliable and accurate technique for measurement of IP (Connell et al., 1963) . The radio-capsules can be readily localized in the alimentary tract (Misiewicz et al., 1968a ) and is especially suitable for the study of gastric, ileal and proximal colonic motor activity. In addition to pressure, the radio-capsules also telemeter data about their movement in relation to an outside aerial (Von Ardenne & Sprung, 1958; Smith & Ridgeway, 1962; Connell et al., 1963) . This movement reflects the muscle activity (MA) of the stomach, thus making it possible to measure gastric peristaltic activity (Misiewicz et al., 1968a) .
Radio-telemetering may be combined with conventional techniques to record AIP simultaneously at several points in the gut (Misiewicz, Holdstock & Waller, 1967) . Manometry combined with synchronized cineradiography (Ramorino & Colagrande, 1964; Painter et al., 1965) allows AIP and transit of gut contents to be correlated.
Although IP can be easily measured, the analysis and interpretation of pressure records may not be straightforward. It is probably best to express the data in a numerical form, although visual inspection of records should not be neglected. Many workers have devised various indices of motility, based on laborious measurements of the pressure record (Chapman et al., 1950; Arfidsson, 1964; Chaudhary & Truelove, 1961) . More recently, a computer method of analysis has been developed, resulting in a more complete and speedier analysis of the pressure data (Misiewicz et al., 1968b) .
The way in which motility techniques can be applied to gastroenterological problems, may be considered under -the following headings:
Investigation of pathological states The contribution of intraluminal manometry to our knowledge of oesophageal disorders has been dealt with elsewhere (Atkinson, this symposium (Hunt & Spurrell, 1951; Hopkins, 1966; Griffith et al., 1966) . George (1967) measured acid remaining in the stomach at the same time as gastric emptying. This author suggests that although patients with gastric ulcer secrete less acid than those with duodenal ulcer, the acid may remain in contact with the gastric mucous membrane for a longer period of time.
Tests of the motor activity of the colon have shown abnormalities of colonic function in conditions such as diarrhoea, constipation, the irritable colon syndrome and diverticular disease. Manometric evidence suggests that diarrhoea is associated with low, and constipation with high, levels of colonic IP activity (Connell, 1962; Wangel & Deller, 1965; Misiewicz, Connell & Pontes, 1966a) . This apparent paradox can be explained by assuming that the contractions which produce the AIP are non-propulsive and result in increased segmentation of the colon: a view which fits in with manometric and with radiological observations (Painter et al., 1965) .
Excessive colonic pressure response to physiological or to pharmacological stimuli is a feature of diverticular disease and the irritable colon syndrome, but a study by Parks (Parks & Connell, 1967) does not suggest that the latter condition is a precursor of the former. Chaudhary & Truelove's (1961) patients with symptoms of the irritable colon syndrome had an exaggerated pressure response to food or prostigmine, and similar observations were made by Connell, Jones & Rowlands (1965) in patients who had symptoms mainly after meals. High intracolonic pressures have long been thought to be concerned with the cause of diverticular disease. Experimental evidence for this hypothesis however has been lacking, until manometric data collected by Arfwidsson (1964) and by Painter et al. (1965) suggested that increased AlP is found in the sigmoid colon, and especially in segments bearing the diverticula. This evidence is supported by studies of pathological material, where muscle thickening in the sigmoid region was found to be the most frequent abnormality in colons resected for diverticular disease (Morson, 1963) .
Investigation of the mechanism of symptoms in individual patients
In many patients no cause for abdominal symptoms can be discovered despite extensive investigation. This group presents a difficult clinical problem, because no rational explanation can be found for the patient's discomfort, an unsatisfactory situation for the doctor and patient alike. In some of these patients manometric studies performed while the symptoms are present show abnormal pressure responses in various parts of the gut and Holdstock, Misiewicz & Waller (1968) with Connell et al. (1965) that intense segmenting motor activity may produce a kind of functional obstruction, which in turn leads to pain.
Effects of drugs and hormones
The effect of codeine phosphate and of laxatives on colonic transit time has been measured by Hinton (1967) with radiopaque markers in patients with diarrhoea or constipation, and in normal subjects. He demonstrated convincing changes in transit time after either drug. The method also allows for the easy estimation of stool weight and bowel frequency, so that a number of effects of a drug's action may be simply determined. A further advantage of the method is that observations are made under conditions of, and with doses routinely used in, the treatment of patients.
5-Hydroxytryptamine (5-HT, serotonin) is one of several pharmacologically active substances secreted by the tumour in the carcinoid syndrome. Although 5-HT is no longer thought to cause flushing attacks (Robertson, Peart & Andrews, 1962) , it may be the agent responsible for the diarrhoea, which is a prominent feature of the syndrome. Manometric observations of the effect of serotonin on gastro-intestinal motor activity (Misiewicz, Waller & Eisner, 1966b) showed that the same dose of 5-HT given over the same period of time inhibited the stomach and the proximal and distal colon, but stimulated the small intestine. Similar changes were observed in patients with the carcinoid syndrome studied by those authors and by Smith, Preshaw & Sircus (1965) . These results indicate that small intestinal hyperactivity may be the cause of diarrhoea in the carcinoid syndrome.
When the motor effects of hormones are measured, it may be better to use intravenous infusions in preference to injections of the material. If possible, attempts should be made to monitor a response the magnitude of which is known under physiological conditions. Ingestion of meals has been shown to stimulate gastric acid G secretion maximally (Rune, 1966) , and therefore Misiewicz et al. (1967) measured the motor responses of the human alimentary tract to infusions of pentagastrin at maximal dose levels. Under the conditions of the study, pentagastrin had no consistent effect upon AIP, except in the gastric antrum, which was stimulated. This means that the same chemical transmitter may affect both the motor and secretory gastric function, but that gastrin may not be directly concerned in the mediation of the gastrocolic reflex.
In vitro pharmacological studies
The introduction of in vitro techniques to the study of human gastro-intestinal muscle is an important advance. Marked differences often exist between man and other species: for example isolated human gastric muscle is not very sensitive to 5-HT (Fishlock, Parks & Dewell, 1965; Misiewicz et al., 1966b) , whilst gastric muscle in the rat is highly sensitive (Vane, 1957) . Further, although effects of drugs and hormones should always be investigated in patients, the mechanism of action and the location of receptor sites can often be unravelled only by in vitro experiments. The degree of correlation between in vitro and in vivo observations is encouraging (Misiewicz et al., 1966b (Misiewicz et al., , 1967 Bennett, Misiewicz & Waller, 1967b) .
The in vitro technique is used to study the responses of normal or abnormal tissue. Ellis, Trounce and their colleagues have demonstrated pharmacologically the denervation of the oesophagus in achalasia of the cardia (Trounce et al., 1957; Ellis et al., 1959) . Other workers have examined responses of normal human gut muscle to a range of pharmacological agents (Fishlock & Parks, 1963; Fishlock et al., 1965; Bucknell & Whitney, 1964; Bennett, 1965; Bennett & Whitney, 1966) . These, and other, studies, demonstrate marked regional differences in the responses to substances which act upon the intrinsic nerves, ganglia, or upon receptors in, or on, the muscle cells. Bennett & Whitney (1966) in a pharmacological survey of the human gastro-intestinal tract have emphasized these differences, and have suggested how they can be related to the known functions of the stomach, duodenum, small intestine and colon.
Experiments on normal tissue may be relevant to pathological states; the studies with serotonin in relation to the carcinoid syndrome have already been mentioned. It appears that bradykinin may be released both in the carcinoid and in the dumping syndrome (Zeitlin & Smith, 1966) and complex effects of this polypeptide on the isolated large and small intestinal muscle have been described by Fishlock (1966) . Finally, in vitro experiments may suggest new lines of investigation. Prostaglandin is released from the rat stomach when nerves in its wall are stimulated (Bennett, Friedman & Vane, 1967b) and has now been shown to contract human longitudinal gastric muscle in vitro (Bennett, Murray & Wyllie, 1968) . It may, therefore, be important in the control of human gastric motor activity.
Conclusion
Applications 
